The regulated migration of stem cells is a feature of the development of all tissues and also of a number of pathologies. In the former situation the migration of stem cells over large distances is required for the correct formation of the embryo. In addition, stem cells are deposited in niche like regions in adult tissues where they can be called upon for tissue regeneration and repair. The migration of cancer stem cells is a feature of the metastatic nature of this disease. In this article we discuss observations that have demonstrated the important role of chemokine signaling in the regulation of stem cell migration in both normal and pathological situations. It has been demonstrated that the chemokine receptor CXCR4 is expressed in numerous types of embryonic and adult stem cells and the chemokine SDF-1/CXCL12 has chemoattractant effects on these cells. Animals in which SDF-1/CXCR4 signaling has been interrupted exhibit numerous phenotypes that can be explained as resulting from inhibition of SDF-1 mediated chemoattraction of stem cells. Hence, CXCR4 signaling is a key element in understanding the functions of stem cells in normal development and in diverse pathological situations. Published by Elsevier B.V.
Introduction
The directed migration of cells is an important feature of the biology of all complex organisms. During development stem cells and fate restricted progenitors must migrate from the zones where they are generated to developing organs where they proliferate and differentiate in an organ specific manner. In adults, pluripotent stem cells and restricted progenitors are retained in many tissues in specific niche like regions where they can be expanded when required for purposes of tissue regeneration or repair. It is thought likely that many of the mechanisms that regulate the directed migration and development of stem cells in the adult recapitulate those occurring during the original development of the organism, and that adult stem cells have many properties in common with those found in the embryo. Indeed, it is possible that stem cells are deposited in niches during embryogenesis so that they can be called upon later when needed by the mature organism (Kucia et al., 2005b) . Understanding the processes that regulate stem cell migration and development in adults is certainly important if such cells are to be used for therapeutic purposes. On the other hand, directed stem cell migration may also be a feature of pathology. An obvious example of this is the phenomenon of tumor metastasis, which is currently thought to depend on the directed migration of cancer stem cells. Clearly, therefore, it is essential to understand how such directed cell movements are produced and whether there are common features that underlie all of these mechanisms. In the last few years it has become clear that the process of directed cell migration is produced through the action of a family of small secreted proteins known as chemotactic cytokines or "chemokines". These molecules probably orchestrate the movement of many stem/progenitor cells, including cancer stem cells, and so their actions are of key importance for understanding the mechanisms of both normal repair as well as stem cell related pathologies. Journal of Neuroimmunology 198 (2008) 31 -38 www.elsevier.com/locate/jneuroim
